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OLWKRVSKHUH7KLFNQHVVPD[LPDRIXSWRPDUHUHVWULFWHGWRWKHWKLFNVHGLPHQWDU\IDQVDORQJWKHFRQWLQHQWDOPDUJLQ
7KHVHIDQVIRUPHGLQUHVSRQVHWRODWH&HQR]RLFXSOLIWDQGJODFLDOHURVLRQDQGUHSUHVHQWWKHROGHVWSDUWRIWKHRFHDQLF
GRPDLQ$FFRUGLQJO\WKH\DUHXQGHUODLQE\WKHWKLFNHVWRFHDQLFOLWKRVSKHUHNPDQGFKDUDFWHULVHGE\DUDWKHUORZ
JHRWKHUPDOJUDGLHQWa&NP)LJE7RZDUGVWKH.QLSRYLFKDQG*DNNHOPLGRFHDQLFULGJHVWKHJDVK\GUDWH
VWDELOLW\]RQHSLQFKHVRXWGXHWRJUDGXDOO\LQFUHDVLQJJHRWKHUPDOJUDGLHQW!&NPDQGWKHDEVHQFHRIVHGLPHQWV
7KHWKLFNQHVVRIWKHJDVK\GUDWHVWDELOLW\ILHOGLQFUHDVHVE\aPDORQJWKHFRQWLQHQWDOPDUJLQIRUDWKHUPRJHQLF
IHHGJDV)LJE
$ELRJHQLFSXUHPHWKDQHK\GUDWHLVRQO\ORFDOO\VWDEOHLQWKHFRQWLQHQWDOGRPDLQZKHUHVXIILFLHQWZDWHUGHSWKVRU
D ORZ JHRWKHUPDO JUDGLHQWV H[LVWV VXFK DV LQ WKH DUHDV QH[W WR 1RYD\D =HPO\D WKH WURXJKV DORQJ WKH QRUWKHUQ
FRQWLQHQWDOPDUJLQDQGLQWKHQRUWKHUQ.DUD6HDUHJLRQ)LJD,QDGGLWLRQPHWKDQHK\GUDWHVDUHORFDOO\VWDEOHLQ
WKHFHQWUDOHDVWHUQ%DUHQWV6HDDQGLQWKH7LPDQ3HFKRUD%DVLQZLWKWKLFNQHVVRIWRP)LJD,QFRQWUDVW
DPL[HGJDVK\GUDWHIRUPHGIURPWKHUPRJHQLFJDVVRXUFHVIHHGJDVFRPSRVLWLRQPHWKDQHHWKDQHDQG
SURSDQHLVSRWHQWLDOO\VWDEOHDFURVVZLGHSDUWVRIWKHVWXG\DUHD)LJE7KLFNQHVVPD[LPD!NPRFFXULQWKH
QRUWKHUQ.DUD6HD)UDQ]-RVHI/DQG6YDOEDUGDQGWKHWURXJKVZHVWDQGHDVWRI1RYD\D=HPO\D>@7KHVHUHJLRQV
DUHFKDUDFWHULVHGE\ORZJHRWKHUPDOJUDGLHQWVa&NP)LJEGXHWRDWKLFNXQGHUO\LQJOLWKRVSKHUHDQGRUWKH
ZLGHDEVHQFHRI\RXQJLQVXODWLQJVHGLPHQWV,QWKHUHPDLQLQJVKHOIUHJLRQWKHWKLFNQHVVRIWKHVWDELOLW\]RQHYDULHV
EHWZHHQPDQGPVXFKDVWKHHDVWHUQ%DUHQWV6HDDQGWKHVRXWKHUQ.DUD6HD7KHVHUHJLRQVDUHFKDUDFWHULVHG
E\ VLPLODU VKDOORZZDWHUGHSWKV aP WRP VR WKDWQRW VXUSULVLQJO\ WKH ORFDOJHRWKHUPDOJUDGLHQW a
&NPFRQWUROVORFDOWKLFNQHVVYDULDWLRQVRIWKHPRGHOOHGJDVK\GUDWHVWDELOLW\]RQH)LJVE
'LVFXVVLRQV
2FHDQLF'RPDLQZHVWHUQ6YDOEDUG
6HLVPLFSURILOHVUHYHDOQXPHURXVERWWRPVLPXODWLQJUHIOHFWRUVDORQJWKHFRQWLQHQWDOPDUJLQZHVWRI6YDOEDUG>HJ
@*HLVVOHU HW DO PDSSHG D ERWWRPVLPXODWLQJ UHIOHFWRUV DFURVVZLGH SDUWV RI WKHPDUJLQV EHWZHHQ
ODWLWXGHDQG)LJF7KHLQWHUSUHWHGJDVK\GUDWHVVKRZUHYHDODSDWFK\GLVWULEXWLRQZLWKVWURQJO\YDU\LQJ
WKLFNQHVVRIVHYHUDOKXQGUHGPHWHUVZKLFKPD\SRLQWWRORFDOO\GLIIHULQJJDVVRXUFHV7KLVLVIXUWKHUVXSSRUWHGE\
PHDVXUHPHQWV RI JDV HPLVVLRQV ZKLFK VXJJHVW PLFURELDO >±@ DV ZHOO DV WKHUPRJHQLF JDV RULJLQV >@
,QWHUSUHWHGERWWRPVLPXODWLQJUHIOHFWRUVDWDYHUDJHGHSWKVRIPWRPFRLQFLGHZLWKPRGHOOLQJUHVXOWVIRUD
SXUHPHWKDQHK\GUDWHFRPSRVLWLRQ/RFDOO\ERWWRPVLPXODWLQJUHIOHFWRUVVKRZGHSWKDQRPDOLHVRIPRUHWKDQP
7KHVHGHSWKVUDWKHUFRUUHVSRQGWRWKHPRGHOOHGWKHUPRJHQLFJDVK\GUDWHFRPSRVLWLRQV
$SRWHQWLDO WKHUPRJHQLF IHHGLQJV\VWHPPLJKWEHDQ(DUO\ WR0LGGOH(RFHQHVRXUFH URFN LQWHUSUHWHG UHFHQWO\
DFURVV WKH /RPRQRVRY 5LGJH >±@ 7KLV VRXUFH URFN LV QRW VXIILFLHQWO\ GHHS DFURVV WKH /RPRQRVRY5LGJH WR
SURGXFHK\GURFDUERQV1HYHUWKHOHVVVHLVPLFOLQHVLPSO\LQFUHDVLQJGHSRVLWLRQDOGHSWKVWRZDUGVWKH$UPXQGVHQ%DVLQ
VRWKDWEXULDOGHSWKVPD\EHVXIILFLHQWWRJHQHUDWHK\GURFDUERQVLQWKHGHHSHU$UFWLF%DVLQV+RZHYHUDFFRUGLQJWR
WKHLQIHUUHGRFHDQLFDJH(DUO\WR0LGGOH(RFHQHVHGLPHQWVZRXOGEHUHVWULFWHGWRWKHPDUJLQVRIWKH(XUDVLD%DVLQ
DQGWRWKHVRXWKHUQ1RUZHJLDQ*UHHQODQG6HDZLWKLQWKHVWXG\DUHD7KH)UDP6WUDLWZKLFKFKDUDFWHULVHVWKHUHJLRQ
ZHVWRI6YDOEDUGGLGQRWRSHQEHIRUH0LRFHQHWLPHVDQGWKXVDIWHUWKHGHSRVLWLRQRIWKHSRWHQWLDOVRXUFHURFNV>@
$QDOWHUQDWLYHSRWHQWLDOVRXUFHURFNLVRI0LRFHQHDJHDQGZDVGULOOHGDW2'3OHJ+ROHFZHVWRI6YDOEDUG
>@7KRXJKWKLVVRXUFHURFNLVGHVFULEHGDVLPPDWXUHWRPDUJLQDOPDWXUH>@LWKDVEHHQUHFHQWO\SURSRVHGWKDWWKH
UDSLGEXULDORIWKH0LRFHQHVRXUFHURFNDQGHOHYDWHGKHDWIORZGXHWRVHDIORRUVSUHDGLQJDUHVXIILFLHQWWRJHQHUDWH
K\GURFDUERQV>@$QRWKHUSRWHQWLDOJDVVRXUFHLQWKHRFHDQLFGRPDLQPLJKWEHVHUSHQWLQLVDWLRQSURFHVVHVW\SLFDOO\
RFFXUULQJ DW PLGRFHDQLF ULGJHV ZKHUH OLWKRVSKHULF PDQWOH LV H[SRVHG WR VHD ZDWHU >@ )OXLGURFN LQWHUDFWLRQV
EHWZHHQ VHDZDWHU DQG WKH XSSHUPDQWOH UHVXOW LQ WKHPHWDPRUSKLVPRISHULGRWLWHZKHUHE\ DELRJHQLFPHWKDQH LV
IRUPHGSRWHQWLDOO\ IHHGLQJJDVK\GUDWHV5DMDQ HW DO  LQWHUSUHWHG DERWWRPVLPXODWLQJ UHIOHFWRU RYHUO\LQJ D
VHUSHQWLQLVHGEDVHPHQW VHJPHQWZKLFK VXSSRUWV WKLV VFHQDULR >@ ,Q FRQWUDVW JHRFKHPLFDO DQDO\VLV IURPJDV
K\GUDWHVLQYLFLQLW\RIWKH9HVWQHVD5LGJHZHVWRI6YDOEDUGUHYHDODOLJKWį&FRPSRVLWLRQZKLFKZRXOGH[FOXGHD
PDQWOHVRXUFH>@
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6:%DUHQWV6HD
7KRXJKWKH6:%DUHQWV6HDLVFKDUDFWHULVHGE\DVKDOORZHUEDWK\PHWU\PLQWHUSUHWHGERWWRPVLPXODWLQJ
UHIOHFWRUVDUHDWVLPLODUGHSWKVaWRaPFRPSDUHGWRWKHZHVWHUQ6YDOEDUGDUHDFI!P>±
@7KLVLVSDUWO\UHODWHGWRDJHQHUDOO\ORZHUJHRWKHUPDOJUDGLHQWLQWKH6:%DUHQWV6HDa&NPFI&
ZHVWHUQ6YDOEDUG)LJEDQGLQIHUUHGPL[HGK\GUDWHVZLWKDODUJHUVWDELOLW\ILHOG>HJ@7KLVLVLQOLQHZLWKRXU
PRGHOOLQJUHVXOWVZKLFKUHYHDOWKDWDSXUHPHWKDQHK\GUDWHLVXQVWDEOHLQWKH6:%DUHQWV6HD)LJD,QVWHDGWKH
EHVWILWZLWKWKHLQWHUSUHWHGGHSWKWRERWWRPVLPXODWLQJUHIOHFWRUVLVDFKLHYHGZLWKDPL[HGIHHGJDVFRPSRVLWLRQRI
PHWKDQHHWKDQHDQGSURSDQH)LJEZKLFKILWVWKHFKHPLFDOFRPSRVLWLRQRIWKH6Q¡KYLWJDVILHOG>@
,QFRQWUDVWDIHHGJDVZLWKORZHUDPRXQWVRIKHDY\K\GURFDUERQVHWKDQHSURSDQHUHSURGXFHVWKHLQIHUUHG
EDVHRIWKHJDVK\GUDWHVWDELOLW\]RQHDWPGHSWKEHORZWKHFHQWUDO%DUHQWV6HD>@
6HYHUDOJDVSURQHSHWUROHXPV\VWHPVDUHLQIHUUHGEHQHDWKWKH6:%DUHQWV6HDSURYLGLQJDSRWHQWLDOVRXUFHIRU
PL[HGJDVK\GUDWHV)LJD>@2OLJRFHQHWR0LRFHQHHSLVRGHVRIWHFWRQLFXSOLIWDQGJODFLDOHURVLRQUHVXOWHGLQ
JDVH[SDQVLRQWLOWLQJRIUHVHUYRLUVVHDOIDLOXUHDQGK\GURFDUERQOHDNDJH>±@,QDGGLWLRQ3OLRFHQH3OHLVWRFHQH
LFHVKHHWFRYHUDJHLQYROYHGIXUWKHUHURVLRQZKLFKOLNHO\UHLQIRUFHGK\GURFDUERQOHDNDJH'XULQJWKHJODFLDOSHULRGV
SHUPDIURVWPD\KDYHDFWHGDVDVHDOIRUWKHULVLQJJDVHVDQGWKHDGGLWLRQDOORDGRIWKHLFHVKHHWVPD\KDYHWULJJHUHG
WKHIRUPDWLRQRIJDVK\GUDWHVIURPWKHWUDSSHGJDV2VWDQLQHWDOHVWLPDWHWKLFNQHVVRIPIRUWKHUPRJHQLF
K\GUDWHVGXULQJWKHODVWJODFLDOPD[LPXP7KHPRGHOOHGSUHVHQWGD\WKLFNQHVVRIaPLQGLFDWHWKDWWKHVWDELOLW\
]RQHIRUWKHUPRJHQLFK\GUDWHVWKLQQHGE\aPIROORZLQJWKHUHWUHDWRIWKHLFHVKHHWDQGFRUUHVSRQGLQJSUHVVXUH
UHOHDVH7KHUHOHDVHGIOXLGVUHDFKHGWKHVXUIDFHDQGIRUPHGWKHZLGHO\REVHUYHGSRFNPDUNV)LJF>±@$W
SUHVHQWGD\WKHVHSRFNPDUNVRIWKH6:%DUHQWV6HDDUHDVVXPHGWREHZLGHO\LQDFWLYH>@*DVIODUHVPDSSHG
E\VHLVPLFGDWDVXJJHVWWKDWSUHVHQWGD\IOXLGIORZLVUHVWULFWHGWRRSHQIDXOWV\VWHPV>@
5HPDLQLQJFRQWLQHQWDOGRPDLQRIWKHVWXG\DUHD
3HWUROHXPV\VWHPVDUHLQIHUUHGIRUDOOPDMRUVHGLPHQWDU\EDVLQVEH\RQGWKH6:%DUHQWV6HDVXFKDVWKH.DUD6HD
DQG WKH HDVWHUQ%DUHQWV 6HD >@ /LNHZLVH WKHVH EDVLQV H[SHULHQFHG ODWH&HQR]RLF LQYHUVLRQ DQG
JODFLDOHURVLRQLQFOXGLQJPRVWOLNHO\K\GURFDUERQOHDNDJH>±@2XUPRGHOOLQJUHVXOWVUHYHDOWKDWUHOHDVHG
WKHUPRJHQLFIOXLGVZRXOGILQGVWDEOHSUHVVXUHDQGWHPSHUDWXUHFRQGLWLRQVRYHUZLGHSDUWVRIWKHVWXG\DUHD)LJE
,QIDFWWKHUHDUHDIHZVWXGLHVZKLFKGHVFULEHHYLGHQFHVIRUIOXLGIORZVXFKDVJDVIODUHVDQGSRFNPDUNVLQWKH6(
%DUHQWV6HD>@WKHFHQWUDO%DUHQWV6HD>@DQGWKHVRXWKHUQ.DUD6HD>@WKRXJKWKHGDWDFRYHUDJHLVJHQHUDOO\
YHU\VSDUVHIRUWKHVHUHPRWHUHJLRQV5HFHQWPHDVXUHPHQWVRIJDVIODUHVLQWKHVRXWKHUQ.DUD6HDLQGLFDWHDELRJHQLF
)LJD7KLFNQHVVRIWKHJDVK\GUDWHVWDELOLW\]RQHIRUDSXUHPHWKDQHK\GUDWHDQGEDWKHUPRJHQLFIHHGJDVFRPSRVLWLRQFRPSRVHGRI
PHWKDQHHWKDQHDQGSURSDQH,QWHUSUHWHGJDVK\GUDWHVDUHPDUNHGZLWKDFURVV7KHGLVWULEXWLRQRISRFNPDUNVDQGJDVIODUHVLVPDUNHG
ZLWKVWULSHGSRO\JRQVF$PDJQLILFDWLRQRIWKH6YDOEDUGUHJLRQ7KHSRO\JRQGHOLQHDWHVWKHGLVWULEXWLRQRIJDVK\GUDWHVDQGWKHUHGGRWV
FKDUDFWHULVHUHJLRQVZKHUHSRFNPDUNVDQGJDVIODUHVDUHGHVFULEHGVHHWH[WIRUUHIHUHQFHV
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JDVRULJLQUHOHDVHGIURPWKDZLQJSHUPDIURVW>@7KHSUHVHQFHRISHUPDIURVWVXJJHVWWKDWVRPHRIIVKRUHUHJLRQV
PD\ KDYH QRW UHDFKHG WKHUPDO VWHDG\VWDWH DW SUHVHQWGD\ IROORZLQJ WKH ODVW JODFLDO PD[LPXP $FFRUGLQJO\ WKH
VKDOORZVXEVXUIDFHPLJKWEHORFDOO\FROGHUWKDQSUHGLFWHGE\WKHSUHVHQWHGWKHUPDOPRGHO
&RQFOXVLRQ
,QVXPPDU\ZHDVVHVVWKHJDVK\GUDWHLQYHQWRU\RIWKH%DUHQWV6HDDQG.DUD6HDUHJLRQIRUWZRGLIIHUHQWIHHG
JDVFRPSRVLWLRQV7KHPRGHOOHGSRWHQWLDOJDVK\GUDWH VWDELOLW\]RQHYDULHV VLJQLILFDQWO\DFURVV WKHVWXG\DUHDDQG
VWURQJO\GHSHQGVRQWKHORFDOJHRORJLFDOVHWWLQJWKHFRUUHVSRQGLQJJHRWKHUPDOJUDGLHQWDQGWKHIHHGJDVFRPSRVLWLRQ
0L[HGJDVK\GUDWHVIRUPHGIURPWKHUPRJHQLFIHHGJDVDUHSRWHQWLDOO\VWDEOHRYHUZLGHSDUWVRIWKHVWXG\DUHD7KH
FRUUHVSRQGLQJWKHUPRJHQLFIHHGJDVPD\KDYHGHULYHGIURPOHDNLQJSHWUROHXPV\VWHPVLQUHVSRQVHWRODWH&HQR]RLF
EDVLQLQYHUVLRQ$FFRUGLQJO\ WKHVHPL[HGJDVK\GUDWHVPD\EHPRUHZLGHVSUHDGWKDQSUHYLRXVO\DVVXPHG)XWXUH
VWXGLHVUHTXLUHPRUHLQVLWXJHRFKHPLFDODQGJHRSK\VLFDODQDO\VLVLQFRPELQDWLRQZLWKSHWUROHXPV\VWHPPRGHOOLQJ
WR IXUWKHU DVVHVV WKH IRUPDWLRQ DQG GLVVROXWLRQ RI JDV K\GUDWHV WKURXJK WLPH DQG VSDFH 1HYHUWKHOHVV WKLV VWXG\
SUHVHQWVDILUVWYDOXDEOHLQVLJKWVLQWRWKHSRWHQWLDOJDVK\GUDWHLQYHQWRU\RIDJHRORJLFDOFRPSOH[UHJLRQ
5HIHUHQFHV
>@)RUVWHU3$UWD[R3/RZH'&5DJD*&KDQJHVLQ$WPRVSKHULF&RQVWLWXHQWVDQGLQ5DGLDWLYH)RUFLQJ,Q&OLP&KDQJ3K\V6FL
EDVLV&RQWULE:RUN*U,WR)RXUWK$VVHVV5HS,QWHUJRY3DQHO&OLP&KDQJ&DPEULGJH8.&DPEULGJH3UHVVS±
>@.YHQYROGHQ.$$UHYLHZRIWKHJHRFKHPLVWU\RIPHWKDQHLQQDWXUDOJDVK\GUDWH2UJ*HRFKHP±
>@-RKQVRQ-(0LHQHUW-3OD]D)DYHUROD$9DGDNNHSXOL\DPEDWWD6.QLHV-%XQ]6HWDO$ELRWLFPHWKDQHIURPXOWUDVORZVSUHDGLQJULGJHV
FDQFKDUJH$UFWLFJDVK\GUDWHV*HRORJ\±
>@5DMDQ$0LHQHUW-%Q]6&KDQG63RWHQWLDOVHUSHQWLQL]DWLRQGHJDVVLQJDQGJDVK\GUDWHIRUPDWLRQDWD\RXQJ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